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VOLUME INDEX

MODULAR MULTIPURPOSE SPACE STATION STUDY

The complete study, -consisting of six
sections, an appendix, and a condensed
summary, is contained in the following

seven volumes.

INTRODUCTION
2. TECHNICAL SUMMARY
MODULAR SPACE STATION DESIGN

Radiation Shielding
Structural Design
Weight Analysis

Subsystems
Subsystem Integration
3. Special Subsystem Studies
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k.  PRELIMINARY SPECIFICATIONS

5.  MULTIPURPOSE SPACE STATION APPLICATIONS
6.  DEVELOPMENT PLAN

'S Appendix - EXPERIMENTAL APPLICATION SUMMARY
e CONDENSED SUMMARY

[ 3.1 Modular Configurations
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SECTTON k&
PRELIMINARY SPECTFICATIONS

Preliminary model and subsystem speclflcations for the One and Two
Compartment Laboratorles, the Interim Station, and the Operational
Station are preéented in this section. The Apollo and Apollo with the
LEM Ascent Stage are not discussed because thelr specifications are

covered in greater depth by thelr manufacturers.
4,1 PRELIMINARY MODEL SPECIFICATIONS

This model specifilcation presents the requirements for the configur-
atlons and structure of the Modular Multipurpose Space Station family.

4,1.1 Description

The Modular Multlpurpose Space Station study program goal is a family
of space stations which are sequentially evolved through progresslve
subsystem development and structural bullding blocks, such that a
multipliciby of manned missions can be accomplished, each without major
changes in hardware concepts. Each of the design concepts is kept free

of requirements for technological innovations.

Iarger stations are evolved by the addition of struectural modules and
_.progressive growth of subsystems leading eventually to an orbital launch
facility, semi-permanent orbital space laboratory or other national re-

quirement up to the end of twentieth century.

The space station family, as it is envisioned in this preliminary model
V.specification, consists of six space stations evolving from the Apollo
Extension System (AES). The four orbital configurations for the six
missions that are the subject of this preliminary specification are
shown in outline form in Figure L-1. Pertinent details of the various
configurations are given in Table L4-1 and target weights are give in
Table L2707 ‘

-~ Modules for the various stations will be assembled from a few standard-
ized structural elements. These elements include cylindrical body shells
of 183 in. dilameter and flat circular bulkheads for floors and ceillings.

b

LOCKHEED 1

CALIFORNIA COMBANY

-




LR 18906

Section L
ONE-COMPARTMENT TWO-COMPARTMENT
DEPEN'DENT LABORATORY LABORATORIES
7

SYNCHRONOUS ORBIT—"]

[>: o%o
1

INDEPENDENT AND L
POLAR ORSBIT —ﬁ\\\

INTERIM STATION OPERATIONAL STATION

L_O_ .
_O_ |
_O_ |
O |
L O |

| |

0 i I

! i

! I

IDENTICAL ;F~—-11

PANELS == |

A R

_..,,_‘_.‘.-A-A_;(;,-_.._.._- e e m—— e = emm b . e e Rl R B U R DU R ‘. —a I, ‘ “7‘:_—‘.1 ' — - — S —— ———-

) S

| I_ _| |

T :

e

FIG. 4-1 MODULAR MULTIPURPOSE SPACE STATION CONFIGURA_T-IONS

« 2
LOCKHEED

CALIFORNIA COMPANY



IR 18906

Section bk

Tsd 4T o3 .m.m 1sd L Tsd ) Tsd J, Tsd L 1sd ¢ .m.mu,.b.a ‘ToA®] axussaag
°x/%0 x/%0 %x/%0 /%0 °i/%0 % Rousngyasuoy orreydsowsy
SARITSYITUS DADDTSAITUS ;
|
/31mg /3mg |
SADSTSIITUS QASITSIITUS SA99TSIITUS SAIITSIXTUSG axnssaxg axnssaxd “ *Hoy TRIUSEUOI TAUT
PasOT) PIsOT) pesoTy PasoT) pPasoT) |
ATT®TIIBT LTTeTIEL ATTBT9IBE ATTBTIIBI ATTETYIRg uadp (aroddng 8JTT % S0
IBITOTN J8sTony sdogosT adogjosy adojosy suoN UOTANTOAY S0INOG I3M0
#3 O 4% 0T 5 0T~G # 0T-S A% 0T-6 ® 6°T ! ToAST J8M0gd
STT2) IBT0Y STT®) I1BTOG STT9) IBTOS STT9) IBT08 STTS) a1BTOg TI9) Tang 90IN0g I9MOJ DTIFOSTH
$9x sof sof s9% sax : S9% ISUOTSTAOIT BUNOOQ
EYY sax EEYY EEYY EYY " orody sordg BurdesTg pus SUTATI
£=q /a1 H2 £aq/at OT Leq/at L Laq/at L £feq/at L ~Keg/atr g i 33wy 93wyBY]
. s9x sax sax EED sax s9% meOHmﬁbo.Hm JOOTITY
HINOW YEd NOIIVMIANIL SNO NVHI ZYOW ION 40 XITIIOVHOYd 66° wﬁﬁﬂ% DPTOI099 3
WU TN TY wnu Ty ULy WU T TY WU TEnTY T wnupemTy W 8IN3ONING
WG LTl 28T4 98T 98Tq 9814 1814 (TeOTIPUTTAD) SUTP®Y JIOOTJ
w06 w06 06 w06 w06 v/N | YOI I00TH
:mm..ﬁ :mw.m :m@.ﬁ :mmﬂ :m.@.m :mw.ﬁ P.QQEPH&EOU JO I828uBTd
ON ON S9% s9% sag s9x iogounw®l 48 pauuey
SYQUOW £ sYquoW € SUON Els(el} sSYquon € SuoN “ potxsg Arddnssy
SYJUOW 9 SUJUOW 9 sfeq 06 sfeq 06 SYIUOH 9 sdaq Gy TOTRBING TBITALO ASID
sI83% OT~§ sI89% G-T sfeq 06 sfeq 06 Ixgay T o042 dn sfep Gh | uOTYBING UOTSSTH
(38®v3s-2) AS g1-g (38®v3s-€) AS | (98eas-€) AS €13 g1-8 w STOTYSA ydune]
9¢ o3 dp 6-9 9-¢ 9-€ 9 € SZTS MBI
oG 62 ©.Gge o0 Red o582 .4°82 UOTABUTTOUL TBITAL0
092 002 T08E‘6T 002 002 002 SSTTW *U ‘9pn3TaTy TBATATI0
_ _
NOIIVIS NOIZVIS IINIC IT9H0 INFINHIHANT XHOIVECI VI i WAIT
TYNOIIVYALO WIMHINT SNONOYHONZS IVIOd INAINTIRT NOTIVEAOTANOD
SHTYOLVICEVT ININIIVINOD OML *IINOD ENO ﬁ

SOTISTHHLOVIVHD NOILVLS HIVdS mmommgmHaﬂB\,H UVINAOK

T~ ®TAVL

t

CALIFORNIA COML’ANY

LOCKHEED




LR 18906

Section 4

i

|
!

qusmdtnbe Tejuswpradxs pue ‘sexeds ‘sIsUTRIUOD ‘SSTQBUNSUOD UOTSSTW mmvmﬂucﬁ peoTAed AIBRUOTIDIOS TOx

006 “L12 008°9€ 000°€9 000°TH 00949¢ . 008°9€ D £97TTqedE) UOUNET SAT3IOSJIY
ol <2l 0096 oLgHT 09T¢g AR otl‘g ] | 4PBOTABI AIBUOTIBIOSIA
o0L‘g -- | syueg 3 Tond ‘-9sfg UOTILALUT 3T4I0
-- 00L‘T : SYuel B ToNd UOT308(UI 3TAI0
059¢H 09T T | suorsTA0ag dn-gaeg A109BI0QET
002¢T L0E8°T i : PoYOSTARaL ‘SBUTLTRY
-- -- 0009T 00§t 005 ‘e 0052 : , queTTadoag
-~ -- 052 9T 0€LGT 066¢ST 06991 m?m_oz ooﬂimw 3 pusuwo) oTTody
-- -~ 005°€ 006 ‘€ 005°€ - 006°€ 133depy WAT
ongy 002t ote oeLe 008 - w wao%?ﬁm PTSTUS UOTHBTPERY
0c9‘9 059t one‘T one ‘T ORE‘T . 022 WAL B € USTUIN SUOTSTACIZ M)
0£g°T 09y 0£g ote o€z 06T UOTBIUGUNIISUT B STOUST AeTdSTA
00046 069 0% 0g€ oLE - w Toxquo) puw mgoﬂmﬁﬁpﬁm
00€ ofe 0g2 O£€ 00E "ot i mmoc%?u pue uoT3edTABN
0864 ofz ont. 08T 09T ' 09 quemeSuuE 29
otefe oLT¢T oGt 0ge 0ge ot W wdoapmoﬂqzasoo
0ST‘T O€€ -- -- 0gT -- M TOIQUOD UCTI0BIY
ong9‘oe 0e9¢L 008°T 002‘E oo2‘e o ‘T h ; Sg.”,om TeOTI309TH
oo{m 0SH ‘e .0le‘t 0L2°T 0Lzt ool m ¢ Tox3uo) “Hﬁgmﬂéoﬂém
099°¢L0T ogh ‘0T ogh ogh ogh ‘1 01g‘z M : | sangonasg
01209t 01592 00k ‘2T OTT 4T oflet L oon‘s ‘ i fag ‘swegshsqng Lr03B100B]
: : t :
NOIIVIS NOTIVIS IITH0 IIEH0 INFANAIFANT KHOIVIOI VT ! _
TYNOTIIWIEJ0 WIMAINT SNONOYHONAS HYI0d INFANEIET POWEIT
SETIOIVHOS YT INAWINVIHOD OML “IIN0D ENO V |

SNOIIVIS HOVJS HSOJUNIILITIN ¥VINAOKW “<Hﬁm IHOTEM Mm<ﬁzbm i

c-11 9TqERL

LOCKHEED

CALIFORNIA COMPANY



-
LOCKHEED

CALIFORNIA COMiANV

LR 18906

Section 4

>One-compartment modules will be assembled from a single cylindrical

" shell member plus two flat end bulkheads. ILarger modules, up to and

including the Interim Station, wili be constructed by welding additlonal
cylindrical body shells together and capplng them with flat end bulkheads.
Each body shell plece will have a flat cilrcular floor for uniformity

of design and fabrication. The Operatlonal Station modules will utilize
the cylindrical body shells but the flat end plates will be replaced

with elliptical end domes and the floors will be curved cylindrically.
Module structural detalls may be seen in Figure L4-2. Single and two
compartment modules are shown in Figure 4-3 and -L respectively. Com-

partmenting details of the stations are summarized in Table 4-3.

The cyllindrical body shells and flat end bulkheads willl be equipped wilth
universal hatches (See Figure 4-5) which can serve as docking porté,
windows, access tube connectlons, or external locks for experimental or
cargo packages. The elliptical end domes of the Operational Station do

not incorporate the universal hatches;

The coordinate systems to be used for the space stations shall be as
follows:

e The X-axis lies along the centerline of the launch configuration,
positive in the launch direction.

e The Y-axis passes through the universal ports in the lowermost
compartments,

e The Z-axls 1s mutually perpendicular to the X and ¥ axes to form
a right-hand coordinate system.
The Operational Station will be solar oriented; all other stations of the
family will be earth oriented with the X-axls parallel to the surface of
the earth.

4.1.2 Performance Requirements

The Modular Multipurpose Space Stations shall meet the regulrements
specifled in Table. b-1.

i |
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4.1.3 Design Requlrements

General

The stations shall conform as nearly as possible to Figure 4-1. The
target welghts given in Table L4-2 shall be goals. Physical details
shall meet the requirements of Table 4-1.

The modules for the stations shall be designed in accordance with the
principles and dimensions given in Figure L-2. Universal hatches shall
be utilized in the deslign of the modules as shown in Figures 4-2 and
L-5.,

The stations, subsystems and furnishings shall be functional and appro-
priate for zero-gravity environment. In additlon, the Operational Station
shall be sultable for partial gravity.

Conservatlve design practices shall be followed so that requlrements for
advances in state-~of-the-art willl be minimized., Design flexlbility shall
be maintained so that advantage can be taken of technological advances
that may appear prlor to initlation of detall design. Simplicity in de-
sign of the stations shall be emphasized. Station abandonment and mission
abort are not to lmpose design compromises; the stations are to accom-

modate all but the most improbable hazards.

Equipment placement within the stations shall permit repalrs to the

pressure walls, minimize coriolls effects 1n rotational modes of opera-

tion and maximize radiation protection.

‘The designs shall be functlonally sultable for any necessary extra-
vehlcular activities, such as the inspection and replacement of solar
cells and the maintenance of external hatches and seals. Hatch/
door dimenslons shall be adequate to permlt unimpeded passage of per-

sonnel, and all airlock doors shall normally remain closed.

The stations shall be designed so as to meet the mlssion requlrements
of Table 4-1. ‘

LOCKHEED
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The statlions shall be designed to use existing facilitles and checkout
equipmenx‘ wherever possible. Wherever feaslble, the stations and their
subsystems shall be desligned so that maintenance and repair can be
accomplished without any tools. The use of special tools and test
fixtures shall be minimized.

Structural Deslgn

Factor of Safety - The factor of safety for all primary structure (pres-
sure vessels excluded) shall be 1.5. The stress in any element of the
structure when subjected to ultimate load shall not exceed the allowable

stress of the material.

Pressure Vessels. Pressure vessels shall be designed to the followlng
factors:

© Cabin and Pressurlzed Compartments
Pressure acting alone:
Limit Pressure = 1.33 x Max. Operating Pressure
Ultimate Pressure = 2.00 x Max. Operating Pressure

® Fluid Tanks:
Limit Pressure = 1.33 x Max. Operating Pressure
Ultimate Pressure = 2.00 x Max, Operatling Pressure

e Module Floorsg
Iimit Pressure = Max., Operating Pressure
Ultimate Pressure = 2.00 x Max. Operating Pressure

e Maximum Operating Pressures: ,
Cabin and compartmentSesseceosesesaseasolb.T psi
FloOrSeseeessnsscstesaasenessaseescancas [0 PSi
Fuel TanksS.eceserecresccecnssscrasaosesess LO be determined -

eiiem—— . _Relative Axlal Velocity, 2 ft/sec
Relative Lateral Velocity, 1 ft/sec

Relative Angular Velocity, 1 deg/sec

e — Iateral-Misalignment, 1-£t — e
Angular Misalignment, 10 deg

To account for dynamlc effects, the exit flight loads shall include a
factor of 1.20 and the'prelaunch and launch loads shall include a factor
of 1.15.

“ 16
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Exit loads shall be based on launch vehlcle compatibility with payload
welght and external shape. The nominal exit trajectory shall be com-
bined with the non-dimensionalized wind profile shown in Figure 4-6.
The maximum wind velocity shall be chosen to glven loads Jjust equal to
the permissible values at the critical interface jolnt between launch

vehlcle and payload.

Launch Criteria

The stations shall be launched from the Fastern Test Range.
The statlons shall be compatible with existing launch facilities.

The stations shall be designed to be launched by the vehicles indicated
in Table L-1.

launéh capablility shall be determined from Figure 4-7 using the maximum

wind veloclty corresponding to launch vehicle strength capabllity. The

launch phase is deflned as the time from removal of the gantry until the
pitch—over to trajectory flight.

The vehlcle shall be capable of sustaining the 95 per cent probability

wind as shown in Figure L-8.

~ The Interim and Opera@ional'Stations‘shall be launched unmanned. The _

other stations will be launched manned.

Environmental Criteria

Meteoroid Protection. The deslgn data for meteorold environment and
“penetration shall be in compliance with NASA-MSC Englneering Criteria
Bulletin, Serial No. EC-1, dated 8 November 1963, except that the flux

kratlo shall be l O for all shower partlcles of masg less than 10 "2, gram.
Summer's modified equation for finite metallic sheets shall be used in

all meteor01d penetratlon calculations.

The radiation environment to be used as a basis for design shall be as
discussed in Section 3.2 of this report and Section 3 of Lockheed Report
No. LR 17502. The allowable radiation dosage limits for the crew shall
be as defined Ey the NASA:

yLOCKHEED 17
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Critical_Body Organ Average Yearly Dose (Rad.)
Eyes 27 '
Blood forming organs 54
Feet, ankles, and hands 559
Skin of whole body 233

Crew Criteria

The station designs shall be sultable for personnel within the range of
physical measurements of the 10th to the 90th percentile, based on Alr
Force flight personnel.

The station designs shall include provisilons for docking or hangaring
sufficient loglstlc spacecraft to evacuate the entire crew at any time

during the milssion.

The crew quarters (where applicable) shall be designed to give privacy

to personnel.

The station designs shall include crew locomotlon alds for zero gravity
operatlion. Sharp corners on equipment shall be avolded and padding of
exposed surfaces shall be consldered. Exposed knobs, switches, etc.,

shall be recessed 1f possible.

‘The crew séééé; bﬁﬁks, eﬁE:; on those stations héving artificial gravity
capabllity shall be deslgned and oriented to minimize coriolis effects.

Iife lines, anchor polnts and umbillical connections shall be provided

e Tor extravehlcular activities, __

Emergencies

~ The station designs shall permit 100 per cent abort capsbility for the

crews at all times.

e e the  gpace-stations shall be designed-to-secommodate emergencies; rapld -~
egress 1s not a primary design constraint. Speclfic design requirements
to neutralize eméféencies are: o S -

Place'equipment so that external walls are accesslble for the
repalr of punctures.

5
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e Deslgn equipment and structures with fail safe features.

) Provide fire control technlgues.

® Provide manual~backup_for automatic subsystem operations.

e Provide readily accesslble pressure sults and back packs.

] Incorporate coolling provisions, other than alr, in equlpment

that must operate under decompressed condltlons,

Cargo
The transfer of liquids between the logistic vehicles and the stations
shall'be by pipeline rather than by portable tanks. Transrer of gases
shall be by portable tankage.

Solid cargo packages shall be limited to a maximum size of 28 inches
diameter by 40 inches length.

Logistics
. Logistic requirements shall be basged on the resupply periods shown in
Table b-1.

The docking operations shall normaily be under the control of the
logistic spacecraft with space station cognizance. Docking mechanisms,
“hatch covers, and pressure controls for airlock operation shall normally
be controlled by space station personnel but provisions shall be made to

‘allow control by logistic spacecraft personnel
Maintenance

The stations shall be deslgned to permlt repair and maintenance of

- @XGeTlOY- cOmponents -such as-solar-array panels;-antennas; etc, — - - -

Interior arrangements shall allow access for the repair of punctures and

cracks in the walls.

Equipment shall be designed to minlimize the number and complexity of

e maintenance-taskS. e

Wherever possible, the need for maintenance tools shall be eliminated.
Maintenance tools, if essential, shall be located convenlently close to

the pertinent components.

e
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Li,2 PRELIMINARY SUBSYSTEM SPECIFICATIONS

Performance and design requirements for the subsystems of the Modular
Multipurpose Space Station family are presented in thils section. The
requirements are stated only for new concepts or modified Apollo sub-
systems; unmodified Apollo subsystem reduirements are not presented.
The majority of the requirements are specific in nature, i.e., they
apply to particular subsystems or space statilons; these are presented
in paragraphs 4.2.1 through 4.2.7. There are a number of requirements,
however, which apply to all subsystems and space stations and these ére

listed below.

General Requlrements

@ All components and subsystems shall be sultable for sustailned
zero gravity operation.

@ Subsystems shall be modularized wherever possible. Commonality
of subsystems and components shall be emphasized.

e Apollo-type and other existing hardware shall be used whenever
possible, provided that mission success is in no way jeopardized.

© High reliabillty shall be sought throughout the program. In
attainment of thls goal, the use of high quality products will
be emphasized. New technlgues, such as microminiaturization
of .electronic equipment, will be employed. e .

o All subsystem components shall be designed and installed so
that they are accessible for maintenarce and repalr., Con-
servatlive design practices shall be followed so that require-
merits for advances in the state-of-the-art will be minimized.

- - b2l Envirommental Control and Life Support Subsystem T

This»§egtiqnmgfes§nt54the7performance and design requirements for the
wﬁ]&.ronﬁlgntal Control and Life Support Subsystems (EC/LSS) of the Two
Compartment Laboratories, the Interim Station, and the Operational
Station. _Requlrements for the EC/LSS othhemOne.Compartmeht Dependent; ...
Iaboratory are not stated because the components are primarily Apollo
type. The major compohents of this EC/LSS are listed, however, to
show seguential growth throughout the space station family.

23
LOCKHEED

CALIFORNIA COMPANY



LR 18906
Section k4

The EC/LSS have the following functions:
¢ Atmospheric control. Thls Includes control of temperature,
pressure, humidity, and contaminants.
e Waber management.

e Waste management.

The baslc phlilosophy adopted for defining the EC/LSS of the Modular
Multlpurpose Space. Station famlly was that a subsystem should be
desligned which would be sultable for all of the stations except the
One-Compartment Dependent Iaboratory. The subsysten of ‘the Interlim
Station, sized for nine men, was designated as the standard to be

used. It could be operated at less than capacity on the Two Compartment
Iaboratories, although a small welght penelty‘would be incurred. Also,
four of these subsystems could be used, virtually unmodifiled, on the
Operational Space Station.

The description and requirements following apply to all stations except
the One Compartment ILaboratory, bearing in mind that the Two Compartment
Iaboratories do not use all of the subsystem components. Table L-l

will serve to ldentify the major features of the varlious stations.

h.2,1.2 Performance Requirements

The Environmental Control and Life Support Subsystems shall meet the
specifications given in Tables kL-L and 4-5.

h 2.1. 3 Design Requirements

The Environmental Control and Life Support Subsystems shall meet the

oo _ .general requirements listed in Section L4.2. S

The primary philosophy for the EC/LSS shall be in accordance with
paragraph 3.5.1, i.e., a nominal nine-man subsystem designed for the
Interim Modular Space Station shall be utilized for the other stations
of the family. However, consideratlon shall be given to subsystem
modularization as discussed in paragraph 3.5.1.5.

o
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Table 4-5
NOMINAL CREW REQUIREMENTS - EC/LSS
Oxygen Consumption, 1b/man-day 1.8
Carbon Dioxide Output, lb/man—day 2.1
Metabolic Heat Rejection, Btu/man-day
Nominal 11,200
Minimuum 7,200
Maxxd mum 17,250
Water Consumption, lb/man;day
Drinking and Food 6.16
Wash 2.18%
Waste Production, 1b/man;day
4 Garbage 0.1
Feces 0.33
Urine 3.48
Refuse 0.4

*¥A11 stations except Operational which has wash water allowance

of 9.84 1b/man-day.
The_qtqo;pheric“conditioning loops shall be arranged as indicated in
Figure'h?9. Air flow through the compartments shall be sufficiént
to assure a comfortable environment for the crew. The compartment
walls shall be kept free of condensation. This shall be accomplished,
1f necessary, by forced airflow along the walls.,

The statlon atmospheres shall comply with the information given in
< == - —Table- b-4. This-shall include atmospherie constituents, pressure,.. —- ..

humidity values, and temperature limits,

The Interim and Operational Stations shall be provided with oxygen

regeneration equipment which shall be arrangéa—égiindicated in
Fig. 4-10. The Bosch process for oxygen regeneration shall be .

utilized.
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Atmosphere storage shall be subcritical cryogenlc for the primary
supply. The secondary supply, for repressurizations, alrlocks, and
backpacks, shall be subcritical cryogenic for the Operational Station
and high pressure gas for the other statlons. Storage and supply sys-.

tems shall be arranged as shown in Figures 4-11 and L-12.

Resupply of cryogenic liquids, where applicable, shall be by pilpeline
transfer, Resupply of high pressure gases shall be by tank transfer.

Carbon dloxlde partial pressure shall be kept below a limit of 7.6 mm Hg.
Carbon dioxide removal shall be accomplished through the use of molecu-
lar sieves. Silica gel beds shall be provided upstream of the molecular
sieves to prevent their being "poisoned" with moisture in the atmos-
phere. The arrangement of molecular sleves and silica gel beds shall

be as shown in Figure 4-10.

Contaminants other than C02 shall be removed by fillters, activated
charcoal, catalytic burners, and lon meutrallzers. Consideration shall
be glven to the equipment shown in Figure 4-13. The high efficiency

filters shall be capable of removing 98 percent of material 0.07 micron

in dilameter and 100 percent of material 0.9 micron 1n dlameter.

..Temperature control of the electronlc equlpment necessary for station

operation shall be accomplished by both alr and ligquld cooling. As a
preliminary estimate, 30 percent of the selectronic heat load shall be
removed by alr and 70 percent by liquid cooling. Idquld cooling shall

be accomplished by cold plates. Maximum cold plate temperature shall

be 100 deg. F.

" The compartment alr shall be temperature controlled by individual com-

LOCKHEED

partment heat exchangers arranged in parallel as shown 1in Figure Lh-9,

The primary liquid circulation loop shall be arranged, in general, as

shown 1n Figure L-1L, bearing in mind that not all of the stations
have as many compartments as shown. If an isotope heating system for
CO2 desorption and waste treatment is incorporated in the station, 1t
shall be integrated into the system through a secondary loop as

29
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indicated in Figure 4-14, The liquid coolants shall be FC-75 for the
primary and X¥F-1050 for the secondary loop. Idgquid cooled equipment
shall be in seriles with the compartment heat exchangers.

Radiator outleé temperature shall be controlled to approximately

40 deg F. Consideration shall be given to modularizing the radlators,
i.e., utilizing a number of identical radlator panels. Fxcess radiator
area shall be provided so that design heat rejection may be malntalned
even though one'or'more panels fail. In the design of the radiators,
conslderation shall be given to the control technique of sequential
freeze~up of deslignated panel sections by means of sultable orificing
of coolant flow to the various sectlons. Radiators shall be mounted on
the cylindrical surface of -the modules and located, considering the
orlentation of the statlions, such that both earth albedo and solar
radiation effects will be minimized.

In calculating radiator area, 1t shall be assumed that the station
surfaces willl be coated with white silicone paint. For thils paint,
the assumed surface emlssivity shall be 0.90 and the assumed solar
absorbtivity shall be 0.40 after ultraviolet exposure.

Conslderation shall be gilven to the use of an lsotope heating soﬁrce
 for COérdesorption and waste processing. Based on current knowledge
of isotope availabllity, half life, and shleld welght penalty, the
primary cholce shall be plutonium 238. Shlelding requlrements shall
be based on the crew dosage limits specified in Section 3.2 of this

‘report. Heat rejectlion equipment for the isotope heat source shall
include emergency provisions adequate to dissipate all generated heat
- ‘iﬁ ﬁhe évent that coolant flow thfough the isotope core is 1éét. A
feasible method shall be developed for disposing of the isotope
at theﬁepd of the gﬁaﬁign misgion. |

Water management subsystems shall‘be based on the requirements lilsted
in Table 4-5. The logistic resupply of water shall be minimized

through the use of reclamation devices which produce potable water from

LOCKHEED 3)_"

LA POk a COMPANY



LR 18906

Section 4

urine, atmospheric condensate, and wash water. Reclamation of potable
water from fecal matter shall not be a requirement. However, considera-
tion shall be given to reclamation of water from thls source for use as
radlation shieldlng, oxygen make-up, or ballast on the Operational
Station.

The water management subsystems shall be arranged, in general, as
indicated in Figure 4-15. Dual accumulators shall be provided so

that water potabllity may be tested. Water pressure shall be 35 psia,
maintained by nitrogen gas. Water heaters and coolers shall be provided
to satlsfy the requlrements listed in Table L4-6.

Table 4-6
STATTON WATER HEATING REQUIREMENTS
Ttem Temp., Deg F
Drinking 75
Personal Washing 75 - 100
Washing Machine 75 - 120
Galley 75 - 160

-Atmospheric condensate shall be reclalmed by means of the equipment
shown in Figure L-16. Flectrodlalysis wlth membrane permeatlon as
shown in Figure L-17, shall be utilized to reclaim potable water from

urlne and wash water.

The waste management equlpment shall be capable of handling wastes in
the quantities listed in Table L-7.

Table L-7
WASTE MANAGEMENT

Type of Waste Quantity (1b/man-day)

Carbage (2/3 H0) 0.1
Feces (2/3 Hp0 0.33
Urlne 3.48
Refuse 0.4
TOTAL L,31
LOCKHEED 35
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The equlpment and arrangement shown in Fig. 4-18 shall be considered
the preliminary cholce for a solid waste management subsystem. All
wastes shown in Table 4-T7 except urine are manually transferred to

the drying unlts and are later stored in a common container.

h,2.2 FElectric Power

Design features and requlrements of Electric Power Subsystems are
presented in this section. The One Compartment Iabofatory, the Two
Compartment ILaboratories, the Interim Statlon and the Operational
Station are discussed. The Apollo Extensions are omitted because their
types of electric power subsystems willl not be changed.

The Electric Power Subsystems for the Modular Multipurpose Space
Station family are based on two baslc modular power sources.
e A two-kw fuel cell module. Two hydrogen-oxygen fuel cells
of one kw each supply the energy.

e A filve-kw solar array module. The solar panel area for this
module 1s normally 1360 sq ft but in the case of the
Synchronous Orblt Iaboratory, 1t is 680 sq ft.

The Electric Power Subsystems conslst of the basic power sources,
power storage units, condltioning units, dlstribution components,
switching devices, and tanks and plumbing for fuel cell reactaﬁts,
when applicable.

k,2,2.1 Description

= - - - One-Compartment Dependent Iaboratory. The orlginal Apollo Electric

Power Subsystem 1s supplemented by the addition of a single one-kw

" fuel cell (one half of a two-kw fuel cell module). Tanks are added
to hold the additional fuel cell reactants. The subsystem is arranged
as shown in Figure 4-19.

Two Compartment Iaboratorlies (Independent and Polar). These stations

each use a single five-kw solar array module as the primary power source.
The solar array area is 680 sq ft for each power module. The grrange-

ment of the subsystem is shown in Figure L4-19.
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Two-Compartment Synchronous Iaboratory. The Electric Power Subsysten
for this station is similar to the other Two Compartment ILaboratorles
except that the solar array area is 340 sq ft. Thls reduction in area

is possible because battery recharging requirements are less as a re-
sult of the speclal orbit. A schematic of the system 1s shown in
Figure 4-19.

Interim Modular Space Station. Two of the five-kw solar array modules

are used to provide electric power for thils station. Total solar array
area 1ls 1360 sq ft. A two-kw fuel cell module provides back-up power.
The subsystem is arranged in a manner simllar to that of the Operational
Space Statlon (see Figure 4-20).

Operational Modular Space Station. 8Six of the five-kw solar array

modules provide primary electric powerifor this Station; Pre-~deployment
and back-up power are supplied by a two-kw fuel cell module. Total
solar array area is 8160 sq ft. A schematic of the subsystem is shown
in Figure L4-20.

k,2.2.2 Performance Requirements

The Electric Power Subsystems shall meet the requlrements listed in
Table 4-8.

4,2.2.3 Design Requirements

Components of the Electric Power Subsystems shall meet the general

~ design requirements stated in Section k.2,

All Electric Power Subsystems utilizing solar arrays for thelr primary

s e e - poyer sources shall be deslgned so-that the solar-arrays and batteries—

may be replaced durlng the manufacturing phase with advanced dc energy
sources when such systems become available 1f the use of the advanced
glven to ln-orbit replacement of the solar arrays and batteries with

advanced dc power sources.

L2
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Solar arrvey design shall be based on an initial output of 11.1 watts

per sq ft, degrading to 8.8 watts per sq ft over a 5 to 10-year period.

Solar array power modules shall be built in five-kw subdivigions and
these modules or multiples of them shall be used to provide priﬁary
electric power on all stations except the One Compartment Dependent
Ieboratory. The number of five-kw solar array power modules for the
various stations shall be ag shown in Table 4-8. FEach five-kw
solar array power module_shall have its own rechargeable batterieg,
power conditioning components, switching and control devices, and

monitoring equipment.

The electric power subsystem for the Operational Station shall be con-

trollable from both the primary and secondary control centers.

Fuel cell power modules shall be designed to produce two kw and these
power units shall be utilized on the One Compartment Dependent Labora-
tory, the Interim Station, and the Operational Station. The Dependent
ILaboratory shall contain one complete fuel cell module (two fuel cells)
plus one extra fuel cell. The Interim and the Operational Stations each
utilize one fuel cell module. The fuel cell power modules shall each
contain two fuel cells and the modules shall contain power conditioning,

switching, monitoring, and control equipment.

Tuel cell power moduleg shall have radiators independent of those used
for the Environmental Control subsystem. The radiator area shall be

40 sq ft for each of the three applicable stations.

) ‘Thg battery‘pqweyqconditioning components, distributionbgquipmeq?z and
wcontrol devices shall be capable of handliﬁg short-term peak power over-
loads of 50 percent without damage to the equipment. Current-limiting
devices, adequate wiring, and delayed action circuit breakers shall be

employed so that transient overloads of 100 percent may be handled for

o e 0T8O - tWO -Beconds . -Station subsystems ghall be proﬁected againgb- - -

damage by overvoltage, undervoltage, overfrequency, and underfrequency

devices.

Térget weights for the various electric power subsystems shail‘be as

shown in Table k-9,

L5
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4,2.3 Communication, Command, and Tracking

LR 18906
Section 4

This section presents requirements for the Communicatlon, Command, and

Tracklng Subsystem of the One Compartment Dependent Iaboratory, the

Two Compartment Iaboratorles, and the Interim and Operational Space
Stations. )

This subsystem performs the followlng functions:

e

@

Transmitsvvocal, digital, and plctorial data to the ground
at any of several frequencies.

Accepbs vocal, diglital, and pictorial information from

the ground.

Cooperates with ground based tracking radar.

Communicates with logistics spacecraft and cooperates with
rendezvous radar when such functions are applicable.

Accomplishes intercommunication within the stations.

The subsystem accomplishes the functions listed above through the use

of radlo recelvers and transmitters, television recelvers and cameras,

and assoclated components such as amplifiers, diplexers, multiplexers,

antennas, switches, etc,

fied by Table 4-10.

4.2.3.1 Description

A representatlve list of cbmponents is typi-

The Communication, Command, and Tracking Subsystems for the various

statlons are described in Section 3.5.3 and thelr evolution 1is shown

_in Table h-11.

The One Compartment Dependent Laboratory retains the Apollo equipment

and a remote control panel in the laboratory.

“in the Command Module and supplements it with a volce control unilt-

_The Two Compartment Independent, Polar, and Synchronous Iaboratories

will retain the Apollo equipment in the Command Module and supplement

it with similar equipment in the laboratory modules.

In addition, the

Independent Iaboratory will incorporate a rendezvous radar. The equip-

ment complement for these stations is shown in Table L-12.
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Teble 4-10

FQUIPMENT COMPLEMENT OF THE COMMUNICATIONS, COMMAND, & TRACKING SUBSYSTEMS
FOR THE TWO-COMPARTMENT LABORATORIES

DIMENSIONS (In.)  WEIGHT POJER
ITEM H . W - L (1p ) (Watts)
HF Transceiver 6.0 L.0 7.0 5.0 k5.0
VHF/AM Rec.-Trans. 6.0 L,7  10.0 11.0 54,5
400-Mc Command Recelver - - - 3.6 0.5
S-band Transponder (dual) 6.0 9.5 21.0 31.0 16.0
S-band Power Amplifier 6.0 5.75 22.3 30.0 35/85
Pre-modulation Processor 6.0 Lh.7 10.6 14.5 11.0
PCM Telemetry, high level#* 7.7 13.8  1h.h - 8.7
PCM Telemetry, low level¥* k,5 10.5 6.0 - h,2
Signal Conditioning Equipment* 6.0 9.8 23.0 - 90.0
Data Storage Equipment¥* 6.0 9.5 22.0 - 38.0
Audio Center 5.75 4.7 6.4 5.25 12.8
C-band Transponder (k%)  (9.4) (13.0) (23.8)** (75.0)
Total for two unilts 8.8 9.4 13.0 7.6 75.0
Rendezvous Transponder, Up Data L.k 9.k 22.0 34.0 29.0
Link, Rendezvous Ranging
Triplexer L.,5 10.5 6.0 1k.0 -
Command Module Remote Control 10.0 25.0
. . Box Total ... 206.0. .
+ Antennas, cables, etc. 1050 cu in. bl70.0
[ UR U BN e e e s o o e e e e e e 37600.
¥Accounted for in Data Management
e T PRy o required, see next line, B o T

&

‘ L8
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EQUIPMENT COMPLEMENT FOR 71y

bend

e

Powey
Volume | Weight (%
Bach Each Reo.
Item Description (Cu.In.) | (1b.) Cui+
1 S-Band Phase Controller & Modulator 170 1z -
2 S-Band Transponder & Power Amp. koo 2k 10
3 UHF (400 Mc) Receiver-Transmitter 100 T &
L VHF (296.8 Mc) Receiver-Transmitter 85 6 5
5 UHF (450 Mc) Command Receiver (Dual) 90 3
6 Command Decoder {for both S-Band 360 11 10
& 450 Me)
T HF Receiver-Transmitter 100 5 Iy
8 HF Power Amplifier 1000 22 -
9 VHF (137/243 Mc) ACQ. AID/EMERG. 100 5 0/5
Receiver-Transmitter
10 ¢-Band Beacon Phase Controller 1ko 8 -
11 C-Band Beacon Transponder & 2ko 1k -
Pvr Amp.
12 ‘Intercom System - Master Station 600 30 -
13 Intercom System - Remote Station 60 3 -
1% Intercom System - Alarm - Call 120 7 -
15 Internal Radiation System {Interim) 275 17 -
16 Internal Radiation System (Oper) 1000 60 -
17 TV System - Cameras 70 3 -
18 TV System - Monitor, Small 1540 25 30
19 TV System - Monitor, Large 2500 40 L2
20 TV Control, Scan & Sweep Gen. 2800 100 120
21 Communication Control Panel 2160 20 -
22 S-Band Diplexer 60 k -
23 VHF/UHF Multiplexer 200 10 -
2 VHF/UHF Power Divider - 70 4 -
25 VHF/UHF Docking Multiplexers 160 8 -
26 Coax Switch 20 2 -
27 HF Diplexer 100 6 -
28 HF Lobing Switch 100 8 -
29 Tri-Band Antenna & Deploy Mech. 300 1k -
30 VHF/UHF Docking Antenna N.A. 2 -
31 Pre-Deployment Antenna N.A. 2 -
32 Antenna Control Panel 430 5 -
33 (¢-Band Beacon Antenna 1h L -
3% (¢-Band Beacon Power Divider 2k 2. -
35 Rendezvous Transponder Antenna 24 7 -
36 Rendezvous Power Divider Lo L -
37 Interconnect Cabling (Interim) 1350 215 -
38 Interconnect .Cabling {Operational) 4800 600 -
39 Loose Equipment (Interim) 380 50 -
40 Loose Equipment (Operational) 1500 180 -
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Table L4-12
aerd FOR THE COMMUNICATION, COMMAND, AND TRACKING SUBSYSTEMS ON THE INTERIM AND
OPERATIONAL MODULAR SPACE 3TATIONS
] INTERIM MODULAR SPACE STATION OPERATIONAL MODULAR SPACE STATION ]
power (Fach) Total Pover Total Power
(vatts) Volume | Weight (vatts) Volume | Weight (vatts)
Rec. Oper . Redund. Total Total Rec. Oper. Redund.| Total Total Rec.

Only Oper . Quant. [Quant. {(Cu.In.)} (Lb.) Only Oper. | Quant. | Quant. |(Cu.In. (1b.) Only Oper.
12 - 15 1 1 340 2k - 15 1 1 340 2k - 15
T 10 20 2 1 1200 72 20 Lo 3 1 1600 96 30 60
7 6 50 1 1 200 1k 50 2 1 300 21 12 100
6 5 Lo 1 1 170 i2 5 %o} 2 1 255 18 10 80
7 3 1 1 180 1h 3 3 1 1 180 1k 3 3
1 10 10 1 1 720 22 10 10 1 1 720 |' 22 10 10
- 5 L 50 1 - 100 5 4 50 - 100 5 i 50
I - 680 1 - 1000 o2 - 680 - 1000 2 - 680
4 o/5 15/k0 1 1 200 10 0/5 15/h0 1 200 10 0/5 15/40
8 - 12 1 1 280 16 - 12 1 280 16 - 12
3b - 2k 2 1 720 b2 - 48 360 56 - 72
1 - 50 1 1200 60 - 50 1 1 1200 60 - 50
3 - - 9 600 30 - - 36 b 2hoo 120 - -
7 - 6 2 360 21 - 12 7 1 960 56 - Lo
17 - 3 1 - 275 17 - 3 - - - - - -
&0 - 10 - - - - - - 1 - 1000 60 - 10
L . 5 3 - 210 12 - 15 8 - 560 32 - 40
A 30 30 2 - 3080 50 60 60 6 - 9240 150 180 180
5] ko Lo 1 - 2500 Lo L2 Lo 2 - 5000 80 8k 84
£hes] 120 120 1 1 5600 200 120 120 1 1 5600 200 120 120
20 - - 1 - 2160 20 - - 2 - 4320 4o - -
b - - 2 - 120 8 - - 3 - 180 12 - -
10 - - 1 - 200 10 - - 1 - 200 10 - -
¥ - T . - - - - - - 1 - 70 L - -
& - - 1 - 160 8 - - 1 - 160 8 - E
2 - 2 5 < 100 10 - 10 5 - 100 10 - 10
6 - - 1 - 100 6 - - 1 - 100 6 - -
£ - 6 - - - - - - 1 - 100 8 - 6
1k - - 2 - 600 28 - - 3 - 900 Lo - -
2 - - 1 - N.A. - - 1 - N.A. - -
2 - - 1 - N.A. - - 1 - N.A. - -
5. - - 1 - k30 - - 1 - 430 - -
5 - - L - 56 16 - - 6 - 8l 24 - -
2 - - 2 - 48 L - - 3 - 72 6 - -
7 - - 2 - 18 b - - 5 - 120 35 - .
5 - - T ko | b - - 2 - 80 8 - -
5 - - 1 Set - 1350 215 - - - - - - - -
G - - - - - - - - 1 Set . 14800 600 - -
ES - - 1 Set - 380 50 - - - - - - - -
3 . _ - - - - - - 1 Set - 1500 180 - -

24,727 [1,085 bs,111 2,064
1.3 26.1
cu. ft. cu.ft.
]
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The Commnication, Command, and Tracking systems for the Interim and
Opezzsiconal Space Statlons are advanced systems, essentially identical
excs=rt that a smaller quantity of some iltems are requlred for the
Interim Statlon. Components for these statlons are listed in Table
L-t2. A functional diagram of the Communication, Command, and Tracking

sunsystem for the Operational Station is shown in Figure L4-21.

4,2.3.2 Performance Requlrements

PerZformance requirements except for data rates, for the Communication,
Corrend, and Tracking subsystems of the One and Two Compartment
Iaboratories shall conform to requlrements stated by the manufacturer
of +the Apollo spacecraft. The Communlcation, Command, ard Tracking
sussystems of the Interim Statlon and the Operational Statlion shall
mes® the requlrements given in Table 4-13 except for data rates.

Detz rates for all six statlons shall be as specified in Table 4-11.

4.,2.35.3 Design Requlrements

Corzanication, Command, and Tracking subsystem components shall conform

to the general requirements stated in Section L.2.

Components for the Interim Station and Operational Station subsystems

shall be arranged in accordance with Figure L-21.

Target welghts for components in the Two Compartment Iaborstories shall
be as shown in Table 4-10 and for components in the Interim Station

and Operational Station as shown in Table 4-12.

All the Communication, Command, and Tracking systems shall be designed
to be compatible with the GOSS network.

The Two Compartment Synchronous Isboratory shall utilize medium

gadn antennas. All other stations may use low gain antennas.
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) Table L4-13
COMMUNICATIONS AND TRACKING EQUIPMENT OPERATIONAL REQUIREMENTS

UHF/S-Band Space-To-Ground Voice and Data Link

Frequency:
Down 2290 Mc
Up 2110 Mc
Modulation:
Voice FM/PM
Data PCM/PM /PM
RF Bandwidth 6.8 Mc
Detection Bandwidths and Maximum Modulation Loss
PRN 100 cps 7 db
Voice 4O ke 7 db
Data (Lower Carrier) 192 ke L ab
Data (Upper Carrier) 384 ke L gb
Receiver Noise Figure:
Space Station 8 db
Ground 2 db

Antenna Gain:

Space Station 0 db
Ground LY avp
Minimum Signal-To-Noise Ratioc 15 db

UHF /S-Band Space-To-Ground Television Link

Frequency: 2290 Mc
‘Modulation: M
RF Bandwidth T Mc
Receiver Noise Figure: 2 db
Antenna Gain: _

Space Station 0 db

Ground bl gp
Minimum Signal-To-Noise Ratio 6 db

- 57
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Table 4-13 (cont)

IR 18906
Section k4

COMMUNICATIONS AND TRACKING EQUIPMENT OPERATIONAL REQUIREMENTS

VHF Secondary Space-To-Ground Voice Link

Frequency:
Down
Modulation:
RF Bandwidth:
Single Voice
Double Voice
(with 3.9 kc sidestop)
Receiver Noise Figure:
Space Station
Ground
Space Station Antenna Gain:
Ground Antenna Gain:
Receive

Transmit

Minimum Signal-To-Noise Ratio .

296.8 Mc
259.7 Mc
DSB/AM

T ke
16 ke

6 db
b dv
-2 db

18 ab
18 dbv
9 db

UHF Secondary Space-To-Ground Data Link

‘Frequency:
- Modulation:
Data Rate:

- Real-Time ILinks

Delayed Time Link
__RF Bandwidth:

Real-Time Link

Delay Time Link

Receiver Noise Figure:

58

Loo-L01 Mc

- PCM/FM

- 20,000 bps

4,000 bps

M,Admgg_‘u,u

88 ke
L gp

(including
biomed. data)



Table 4-13 (cont)
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COMMUNICATIONS AND TRACKING EQUIPMENT OPERATIONAL REQUIREMENTS

Space Station Ant. Gain:
Ground Antenna Gain:
Minimum Signal-To-Noise Ratio:
Space-To-Space Voice Link
Frequency:

To Space Station

From Space Station
Modulation:
RF Bandwidth:

Single Voice

Double Voice

(with 3.9 kc sidestep)
Receiver Noise Figure:
Spacecraft Antenna Gain:
Space Station Antenna Gain:

Minimum Signal-To-Noise Ratio

Space-To-Space Data Link
Frequency:

Modulation:

Data Rate:

RF Bandwidth:

~ Receiver Noise Figure:

LOCKHEED

CALIFORNIA COMSANV

=

Spacecraft Antenna Gain:

Space Station Antenna Gain:

Minimum Signal-To-Noise Ratio

15 db

-2 db

33 db
15 db

259.7 Mc
296.8 Mc
DSB/AM

-7 ke

16 ke

6 db
-3 db
-2 db
9 db

100-401 Me
PCM /M
5000 bps
10 ke B

7 db

-2 db

-2 db
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Table 4-13 (cont)
COMMUNICATIONS AND TRACKING EQUIPMENT OPERATIONAL REQUIREMENTS

VHF Alternate Frequency Space-To-Space Data Link

Frequency: 184 Mc
Modulation: PCM/FM
Data Rate: 5000 bps
RF Bandwidth: 10 ke
Receiver Noise Figure: 5 déb
Spacecraft Antenna Gain: 3 db
Space Station Antenna Gain: 3 db

Minimum Signal-To-Noise Ratic 15 db

HF Exigency, Space-To-Ground Voice Link

Frequency: 15 Mc (assumed)

Modulation: SSB /AM

RP Bandwidth: 3 ke

Sky Noise Temperature: 1.3 x 10”9k (Equiv to Noise)
(vis gnd ént) Figure of 26 db
Receiver Noise Temperature 870°K. with 0.9 eff'y ant)
Reflection and Scatter ILoss: 30 db

Spacecraft Antenna Gain: -3 db

Ground Antenna Gain: +2 db

Minimum Signal-To-Noise Ratio 9 db

VHF Acquisition Aid Beacon - —

Frequency: 136 Mc
Modulation: CW or PM

- e e - - RP -Bandwid the — 2-ke o
Receiver Noise Figure: L ab
Spacecraft Antenna Gain: o db
Ground Antenna Gain: 1k dv (assumed)

Mimimum Signal-To-Noise Ratic 12 db
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COMMUNICATIONS AND TRACKING EQUIPMENT OPERATIONAIL, REQUIREMENTS

LOCKHEED

CALIFORNIA COMPANY

C-Band Transponder

Frequency:
Modulation:

RF Bandwidth, up:
RF Bandwidth, down:

Transponder Receiver Sensi-

tivity
Spacecraft Antenna Gain:
Radar Peak Power Output:
Radar Antenna Gain:

Radar Receiver Noise Figure:

Radar Minimum

Signal-To-Noise Ratio

S-Band Transponder

Fregquency:
Modulation:

RF Bandwidth, up:
RF Bandwidth, down:

Transponder Receiver Sensi-

“tivity

Spacecraft Antenna Gain:

Radar Peak Power Output:

- Radar Antenna Gain:

Radar Receiver Noise Figure:

Radar Minimum

e - Bignal<To-Noise Ratio -

61

5.7 Ge
Pulse
12 Mc

T Mc
-75 dbm

0 db
250 kw
kL av
7 db

10 db

2.7 Ge
Pulse

L Me

3 Me

80 dbm

0 ab

325 kw

- 36 db

6 db

,,_io,d:b,;.... e s o e oy e



IR 18906

Section &4

96e ceel enwe| ¢cee 962 €6z 6 | €22
8 4 T Ge-
eyeq |®Byeq
. . J J Joddn {.aemoT | eotoA | NN
96 €S ot oe
B1ed B1BJ [90TOA | N¥J
Jaddpn JISMOT
qT
9
c
0
€
99T
L
T
€
w02
ap ap
SSOT uten

SINTWHYLA®EY TYNOIIVYAIO INTAIIAdE ONIMOVHL QNV SNOILVOINAWAOD
(3w02) ET-% STABL

t

_
I

JIoMOd J911TUWSUBI]

_

Axmzv SSOT g@ﬂp@ﬂﬁ@oz

U3PTAPURY YOT1I0933(

OT1BY SSTON-0I-TEUSTS
J2AT209Y pagInbay

UTBae (9peF J0) urseq weysfg
S95807T SNOSUBTTOOSTN &m@WHEdeaa
uTeD BUUSUY T893 TUSUBLL

SSOT UOTABIOY Aepeted

$SO0T UOTSSTWSUBLT

UTED BUUSIUY ISATE0SY

§95507 SNOSUBTTADST){ | I2ATSDY

(oSTON eUU3UY + hxmw+ 2Jan31g
SSTON JSATS0Y) 9STON ndul)

£yTsuUsq JomMOJ 9STON TBULISUTL

P
i

nmpwamamm WUTT

(wsop) YUTT ByeQ PUB S0TOA 'pUeH-S/dHN
I

i
1
i
i
i
1
i

62

LOCKHEED

CALIFORNIA COMPANY



LOCKHEED

CALIFORNIA COMBANY

i

Table 4-13 (cont)

IR 18906
Section 4

COMMUNICATIONS AND TRACKING EQUIPMENT OPERATIONAL REQUIREMENTS

UHF/S-Band Television Link X
: Gain
Link Parameter (dab)

Thermal Noise Power Density 20k
R¥ Bandwidth

Input Noise (Receiver Noise
Figure + Sky + Antenna Noise)

Receiver Miscellaneous lLosses
Receiver Antenna Cain Lnh

Required Receiver Signal-To-
Noise Ratio

ETansmission Loss

Faraday Rotation Loss
Transmitter Antenna Gain
Transmitter Miscellaneous Losses
System Design (or fade) Margin

Transmitter Power

oY
\J1
A o

UHF /400 MC Space-to-Space Data Link Gain
Link Parameter (av)

Thermal Noise Power Density 204
RF Bandwidth

Input Noise (Receiver Noise
Figure + Sky + Antenna Noise)

Receiver Miscellaneous Losses
Receiver Antenna Gain
Reguired Receiver Signal-To-Ratio

Transmission lLoss

Antenna Cross Polarization Loss
Transmitter Antenna Gain
Transmitter Miscellaneous Losses
System Design (or fade) Margin

Transmitter Power 18

63

Loss
(ab)

69

166

NN O W

Loss
(dp)

40
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,2.k Data Management and Displays

This section presents the requirements for the Data Management and
Displays subsystems of the One- and Two-Compartment ILaboratories, the

Interim Station, and the Operational Statiomn.
Data Management subsystems consist of the following major components:

& Processing equipment such as signal conditioners, converters,
and computers to process data for transmission, display, or
storage.

R Distribution equipmenf to route the processed data.

] Storage equipment for retention of data.

Display subsystems consist of 1) the visual aids (gages, digital read-
outs, pictures, etc.) necessary to convey information to the crew, and

2) the controls (switches, knobs, etc.) necessary to operate the station.
h.2.k.1 Description

The Data Management subsystems for the One- and Two-Compartment Labora-
tories use the Apcllo hardware and supplement it with additional egquip-
ment to meet the needs of longer missions and greater experimental
capability. Figures 4-22, -23, and -2L show the Data Management
subsystems of the Apollo, the One-Compartment Laboratory, and the Two-
Compartment laboratories, respectively. Physical characteristics of
the subsystems of the One.- and Twce CompartmentlLaboratories are given

in Tables U4-1L4 and -15, respectively.

The Interim Station Data Management subsystem utilizes new equipment
with greater data capacity and faster data processing rates. The
basic bit rate is 100 to 400 kilobits/sec for the recorders and PCM
telemetry equipment. Data storage capacity is 180 megabits/reel.
Figure 4-25 shows a block diagram and Table 4-16 lists the physicél

characteristics.

The Operational Station Data Management subsystem is a threefold expan-

sion of the Interim Station subsystem with new switching and interrupt

LOCKHEED 6l
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Table b-1h

IR 18906
Section L4

PHYSICAL CHARACTERISTICS OF DATA MANAGEMENT SUBSYSTEM FOR THE
ONE—-COMPARTMENT DEPENDENT LABORATORY

Component Units Weight (1b) | Volume (£t3) (ggziz)
Signal Conditioner 1 0.0 0.b5 75.0
PCM Telemetry 1 42,0 0.4 9.0
Pre-Modulator
Processor 15.3 0.32 10.0
Data Storage 2 k2.2 1.2 3k.0
Central Timing
Unit 1 2.0 0.2 ‘h.O
In-Flight Test 1 10.0 1.0 15,0

Total 151.5 3.57 1k7.0

LOCKHEED
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Table L-15

LR 18906
Section b4

PHYSICAL CHARACTERISTICS OF DATA MANAGEMENT SUBSYSTEM FOR THE

TWO-~COMPARTMENT LABORATORIES

Component Units | Weight (1b) | Volume (£t3) (gzzig)
Signal Conditioner 80.0 0.90 150.0
PCM Telemetry 8k.0 0.8 18.0
Pre-Modulator
Processor 2 30.6 0.64 20.0
Data Storage L 8h kL 2.4 68.0
Central Timing
Unit 1 2.6 0.3 4.0
In-Flight Test 2 20.0 2.0 30.0
Switching and
Routing 1 3.5 0.5 1.3

Total 305.1 7.5k 291.3
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Table L-16

IR 18906

Section L

PHYSTCAL CHARACTERISTICS OF DATA MANAGEMENT SUBSYSTEM FOR THE
INTERIM STATION

Volume (ft3)

Subsystem Units | Weight (1b) Power (watts)
Sub-Multiplexers 4 7.0 0.05 L,0
Switching & Routing 2 7.0 0.6 2.5
Signal Conditioner L 9.4 0.53 1.2
A/D Converters 2 10.0 1.0 20.0
Buffer & Formatter 1 5.0 0.7 20.0
Computer 1

Memory 18.0 O.k4 68.0
Arithmetic Unit 15.0 0.2 0.33
Control Unit 8.0 0.3 0.13
Tape Recorder 2 40.0 1.5 50,0
De-multiplexers 2 3.5 0.03 2.0
Power Supply 1 15.0 1.0 10.0
Calib. Unit 1 10.0 1.0 15.0
Multiplexers 2 2.0 0.k 8.0
Timing Unit 1 2.0 0.2 4,0
Total 151.9 7.91 205.,2
L
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equipment added to allow computer operation from any module. In
addition to greatly increasing data storage capacity, this innovation
enhances reliability. . Figure 4-26 shows a functional interface

diagram and Table 4-17 lists the physical characteristics.

Displays and controls in the Apollo are intended only to portray opera-
tional status of the station inasmuch és the Apollio is not an experi-
mental laboratory. The One and Two Compartment ILaboratories rely
heavily on Apollo equipment but some new displays and controls are
necessary for them because they are designed for experimentation and
because some of their subsystems have new requirements. The following
modifications and additions are necessary to make the Apollo displays
and controls adequate for the One Compartment Laboratory:

e The Stabilization and Control, Navigation and Guidance, and

Communications displays will be changed to reflect changes in
these subsystems.

© The data processing and environmental control displays will be
duplicated in the laboratory area. The data processing section
will show selection of tape recorders and tape recorder status.

© Water management displays will be added.

e Special experimental displays will be added.
The Two Compartment Iaboratories will utilize displays and controls
from the One Compartment Iaboratory with the following additions:

® Displays and controls for the solar array electric power source.

® The Independent iaboratory only of the Two Compartment Labora-
tories, will have a rendezvous display panel to show incremental
velocity, range rate, and propellant status for implementation
of the rendezvous phase. B
The Interim and Operational Stations will have modularized display panels
usable, with slight modifications, for both configurations. The status
— displays and controls will be simiTarTtd those used on the One and Two
Compartment Laboratories; however, .there may be duplication of displays
in either station to provide monitoring capability from more than one
compartment or module. Special experimental displays will not be defined
at this time because of the lack of final definition of the experimental
. program. -—{2
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PHYSICAL CHARACTERISTICS OF DATA MANAGEMENT SUBSYSTEM FOR THE

OPERATTIONAL STATION

Item Units | Weight (1b) Volume(ft.3) Power (watts)
Sub-Multiplexers 12 21.0 0.15 12.0
Switch & Routing T 25.0 1.5 8.8
Signal Conditloner 15 35.0 2.0 5.C
A/D Converter 30.0 3.0 60.0
Buffer & Formatter 3 15.0 2.0 60.0
Computer 3

Memory 55.0 1.0 200.0
Arithmetic 45,0 . 0.5 100.0
Control 30.0 2.0 40.0

| Multiplexers 8 23.0 1.5 30.0
Tape Recorders 6 113.0 3.8 150.0
Power Supply 3 k5.0 3.0 30.0
Calibration Unit 3 30.0 3.0 45.0
Demultiplexers 6 10.5 1.0 6.0
Timing Unit 1 2.0 0.2 4.0
Total h79.5 2L.65 750.8

™
LOCKHEED

CALIFORNIA COM;’AN\’

v




IR 18906
Section b

h.2.4.2 Performance Requirements

Performance requirements applicable to Apollo displays and controls

shall apply to the One-and Two-Compartment Laboratories.

Data handling capability on the Interim and Operational Stations shall
be 100 to 400 kilobits/sec with the potential for expansion to approxi-
mately 500 kilobits/sec for both recorders and telemetry equipment
depending on the capability of the ground tracking stations. Data
storage capacity shall be 180 megabits/reel.

h.2.ﬂ.3 Design Requirements

The Data Management and Displays subsystems shall meet the general

requirements of paragraph 4.2 of this report.

The figures listed below shall govern the arrangements of the Data
Management subsystems and the tables listed indicate the weight,

volume, and power goals of the components.

Space Station Figure No. Table No.
One-Compartment ILaboratory L-23 L1k
Two-Compartment Laboratories h-2L h-15
Interim Station ) h-o5 L-16

_ Operational Station = e

Data handling rate capabilities of the Interim and Operational Stations

shall be consistent with the capabilities of the ground tracking stations.

When data handling components are duplicated within a subsystem, they

shall be functionally arranged so that they may be used interchangeably.

Displays shall be modularized as soon as possible in the development of
the family of space stations. Every attempt shall be made to standardize
status display panels so that they may be used on the greatest number of

___.statioms., e
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h.2.5 Navigation and Guidance

Requirements for the One-Compartment Dependent Iaboratory; the Twe
Compartment Independent, Polar, and Synchronous Laboratories; the
Interim Station; and the Operational Station are presented in this

section.

The Navigation and Guidance subsystems consist of the following
components:
e Sensors to determine space station position, attitude, velocity,
acceleration, and time. To obtain these parameters, horizon

sensors, star trackers, inertial platforms, gyros, accelerom-
eters, and clocks are utilized.

] Computers to process the information received from the sensors.

@ Electronic devices to condition computer signals so that they
will be accepted by the displays and by the stabilization and
control subsystem.

Navigation and guidance subsystems may also be arranged to accept inputs

from ground tracking stations.
L.2.5.1 Description

The subsystems are arranged functionally for the various vehicle config-

-vrations as shown in- Figures Y27, -28, -29, and -30. The components and

their weights, volumes, and power requirements are listed in Table L4-18.
Utilization of Apollo hardware is shown in Table 4-19. Two navigation
methods are employed for the Modular Multipurpose Space Station family
depending on the navigational accuracy required by the mission. They are:
e Ground Updating Navigation. Information received periodically
from the ground is continuously extrapolated by an on-board
computer between the updating periods. The One-Compartment

Iaboratory, the Two-Compartment Independent, and the Synchronous
Orbit ILaboratory utilize this low accuracy subsystem.

~-—— g —Autonomous Navigation: —An inertial—Dplatform and a star tracker - -——

aboard the station convey informstion to an on-board computer for
direct position and velocity data. The Polar Orbit Iaboratory,.
the Interim Station, and the Operational Station employ this
high accuracy subsystem.¥

*The Independent Laboratory is utilized as a proving ground for the
autonomous navigation system.

76
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4,2.5.2 Performance Requirements

The Navigation and Guidance subsystems shall meet the requirements listed

in Table L4-20.

IR 18906
Section U4

Horizon sensors and star trackers shall, as a minimum, meet the 1965

accuracies shown below, and efforts shall be made to attain the accura-

ciés forecast for the 1970 period.

Table L-20

NAVIGATION & GUIDANCE SUBSYSTEM ACCURACIES

Navigation Method

Ground Autonomous
ITEM Updating Navigation
Downrange .
Position Error, ft 3000 1000
Velocity Error, ft/sec 1.5 1.0
Out of Plane.
Position Error, ft 3000 1000
Velocity Error, ft/sec 1.5 1.0
Altitude
Position Error, ft 1000 500

Velocity*Error, ft/sec

0.2

0.2

¥Rate of Change of Altitude

ITEM

Accuracies for

1965

1970

Horizon Sensor accuracy
per axis

Star _Tracker accuracy
per axis

18 arc min

10 arc sec

5 arc min

5 arc sec

Target reliabilities for the horizon sensors and star trackers shall

——— be 7,000 .to 10,000 hours Mean-Time-Between-Failures (MIBF) for the -

1970 period and the inertial platforms shall be capable (in the 1970

period) of operating continously for one year without failure..
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Gyros for.inertial platforms shall be capable of exhibiting a drift
rate of no more than 0.1 deg/hr during the 1965 period. Target drift
rate for the 1975 period shall be 0.01 deg/hr.

Target reliability for digital computers during the 1970 period shall
be 20,000 hours MIBF.

k.2.5.3 Design Requirements

Navigation and guidance subsystems shall meet the general requirements

stated in Section 4.2,

The subsystems for the various stations shall be arranged as shown in
Figures 4-27, -28, -29, and -30.

Target weights and volumes for components of the subsystems shall be

as shown in Table 4-18. .

The subsystem of the Two Compartment Independent ILaboratory shall include
components peculiar to the Operational Station so that the suitability
of these components may be demonstrated at an early stage in the develop-

ment of the Modular Multipurpose Space Station family.

The utilization of microminiaturization in electronic circuitry shall

“be pursued diligently to achieve higher reliability and reduced weight.

The Navigation and Guidance subsystems shall be compatible with the

GOSS network.

8l
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L.2.6 Stabilization and Control

Performance and design requirements of stabilization and control sub-
systems of the One~ and Two-Compartment Laboratories, the Interim Station,
and the Operational Station are presented in this section along with .

brief descriptions.

Stabilization and control subsystems consist in general of the follow-

ing components:

e Attitude sensors
e Rate gyros to determine accelerations
@ Electronies packages to process attitude and rate information

@ Mechanical devices such as actuators to transmit movement to,
or actuate corrective devices such as propulsion engines

© Inertia wheel attitude stabilizers (control moment gyros)
@ Dynamic and static balance devices such as controllable water
ballast systems.
In addition, stabilization and control subsystems (SCS) utilize the
propulsion subsystem engines to circularize the orbit, maintain altitude,
spin and de-spin the stations (when applicable), and correct the attitude
of the stations.

h,2.6.1 Description

The One- and Two-Compartment Laboratofies utiliie Apollo SCS components
(see Table U4-21) supplemented in some cases by new types of equipment
added for test purposes. The Interim and Operational Stations, because
of their size, mission duration, and operational requirements, incorporate
all new components in the SCS. The components for the various stations
are listed in Table Uu-22. The subsystems are functionally arranged

as shown in Figures L4-31 and -32.

4,2.6.2 Performance Requirements

The Stabilization and Control Subsystem shall meet as a minimum, the
performance requirements of Tables 4-23, -24, and -25. The control
reduirements imposed by experiments, Table L4-26, shall be used as
85
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goals for Stabilization and Control component performance. Consideration
shall be given to the philosophy of stabilizing the experimental equip-
ment instead of the station if this procedure would result in a weight

saving.

h.2.6.3 Design Requirements

The Stabilization and Control Subsystem shall meet the general require-

ments stated in Section L.2.

The subsystems shall be functionally arranged as shown in Figs. 4-31
and -32.

Subsystems utilizing Apollo equipment shall attain reliability through

designed redundancy, on-board maintenance, and the use of spares.

L
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k.2.7 Propulsion

Requirements for the propulsion subsystems of the Interim Station and
Operational Station are presented in this section. The One and Two
Compartment Laboratories utilize unmodified Apollo propulsion subsystems;
therefore, the subsystems for these laboratories are not included in

this preliminary specification.

Propulsion subsystems consist of engines for orbit injection, altitude
maintenance, and attitude correction; propellant tanks and plumbing;

and pressurization components for the propellant tanks.
%.2.7.1 Description

Orbit Injection Engines - Interim Station.  Four 200-1b thrust engines,

mounted as shown in Figure L4-33, accomplish orbit injection, maintain
station altitude, and de-orbit the station at the end of the mission.
Geometry of the engines is shown in Figure 4-34 and characteristics
are listed in Table 4-27. 4

Attitude Control Engines - Interim Station. Attitude control is provided

by 16 80-1b thrust engines mounted as shown in Fig. 4-33. Geometry
of the engines is shown in Fig. 4-35 and characteristics are listed
in Table L4-28.

Propellant Feed-Interim Station. Propellants are fed to all propulsion

engines from a centrally located group of four tanks. The tanks are
pressurized by nitrogen and are interconnected as shown in Fig. 4-36.

Details of the various tanks and pressurants are given in Table 4-29.

Orbit Injection Engine - Operational Station. The orbit injection

portion of the propulsion subsystem utilizes as & prime candidate, the
_LEM Descent engine modified slightly to suit the needs of the space

station. The modifications are 1) elimination of the thrust modulating

injector assembly and replacement with a fixed thrust injector, and

2) replacement of the ablative-radiative nozzle assembly with éjfully

ablative nozzle assembly. Main characteristics of the pressure-fed

9
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- 7.8 =

THRUST: 200 LB
EXPANSION RATIO: 40

ALL DIMENSIONS [N INCHES

FIGURE 4-34 THRUST CHAMBER GEOMETRY - INTERIM STATION ORBIT
INJECTION AND OPERATIONAL STATION POST~
DEPLOYMENT ATTITUDE CONTROL
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NOTE: ENGINE VALVE CLUSTERS ELIMINATED FOR CLARITY

FILTER

SQUIB VALVE NORMALLY OPEN {n.0.)
SQUIB VALVE NORMALLY CLOSED (n.c.)

PRESSURE REGULATOR-- — - ==~

PRESSURE TRANSDUCER

@ ON - OFF VALVE
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- >
&

L

CHECK VALVES (ONE WAY)

CAP

RURST DiSK

RELIEF VALVE

FILL CONNECTION
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oooooo0o SIGNAL LINE

CLUSTERED VALVES
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REDUNDANT ACTUATOR
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"OPTIONAL - FOR GROUND
CHECK OF PRESSURE
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ALTERNATIVE: REMOVAL
OF BURST DISK

NUMBERS 5,6, 7, 8

FIG. 4-36 PROPELLANT FEED SYSTEM - INTERIM STATION
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Table 4-27

ENGINE CHARACTERISTICS FOR

INTERIM STATION ORBIT INJECTION AND OPERATIONAL
STATION POST-DEPLOYMENT ATTITUDE CONIROL

Total Impulse (Orbit Injection) 460,000 1b-sec
Unmanned Orbit Keeping
(1st 20 days) 95,400 1b-sec
Orbit Keeping
(6-month period) 215,000 1b-sec
Thrust Level per Engine 200 1b
Number of Engines L
Orbit Injection Burn Time 317 sec (Perigee)
286 Sec (Apocgee)
Propellant Tank Pressure 150 psia
Chamber Pressure 60 psia
Expansion Ratio Lo:1
Propellants N,0,,/( 50-50)UDME-N_H,
Oxidizer /Fuel Ratio 1.6
Specific Impulse
(Vacuum-steady state) 312 sec
Engine Cooling Method Radiative
Operational Modes
Minimum:pulse width#* 100 milliseconds
Maximum pulse width¥* 600 milliseconds
Continuous .
Life Expectancy . 3600 sec

* Post-Deployment Attitude Control Only

100
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Table 4-28

ENGINE CEARACTERISTICS, INTERIM STATION ATTITUDE CONIROL AND
OPERATIONAL STATION PRE~DEPLOYMENT ATTITUDE CONTROIL

Total Attitude Control Impulse 324,000 1b-sec
(Normal operation - 180 days)
Attitude Control 75,400 1b-sec
(unmanned - 20 days)
Attitude Control | 248,600 1b=-sec
(Normal operation - 160 days)
Thrust Level per Engine 80 1b
Number of Engines 16 (8 forward, 8 aft)
Chamber Pressure 60 psia
Propellant Tank Pressure 150 psia
Expansion Ratio Lho:1
Propellants Néou/SO percent UDMH -
50 percent NEHH

Oxidizer/Fuel Ratio 1.6
Specific Impulse

° Steady State 312 sec

e Pulsed 285 sec
Engine Cooling Method Radiative
Minimum Pulse Width 60 milliseconds

. Life Expectancy 6280 sec
LOCKHEED oL
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PROPELLANT FEED SUBSYSTEM CHARACTERISTICS
FOR THE INTERIM SPACE STATION

Propellant Tank Pressure

Oxidizer

" Fuel

Number of Propellant Tanks
Propellant Tank Geometry
Propellant Tank Diameter (I.D.)
Propellant Tank Length
Oxidizer Tank Volume, Total
Fuel Tank Volume, Total
Propellant Tank Material
Expulsion Device

Expulsion Device Material

Pressurant Tank Pressure-~-Initial

‘Pressurant Tank Pressure-Final

Pressurant

Pressurant Tank Geometry
Pressurant Tank Diameter
Number of Pressurant Tanks
Pressurant Tank Material
Pressurant Tank Volume

102

150 psia

Neoh

50 percent UDMH -~ 50 percent
NéHu

4 (2 oxidizer, 2 fuel)
Cylindrical

22.5 in.

36 in.

bk cu £t

bl cu ft

Titanium

Metal bellows

Titanium or Stainless Steel
3000 psia

150 psia

Nitrogen

Spherical

15.3 in.

2

Titanium

1.1 cu ft per tank
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engine are given in Table 4-30. A schematic of the components is
given in Fig. 4-37. The engine, which is gimbaled to provide thrust

vector control, is mounted as shown in Fig. L4-38 and -39,

Pre-Deployment Attitude Control Engines - Operational Station. Pre-

deployment attitude control is provided by eight radiation-cooled
engines mounted on the hub as shown in Fig. 4-39. The characteristics
of the engines, which are the same engines that are used on the attitude
control system of the Interim Statién, are given in Table L4-28.

Geometry of the engines is shown in Fig. 4-35.

'Post—Deployment Attitude Control Engines - Operational Station.

Eighteen engines, having the characteristics given in Table h—27,

provide post-deployment attitude control. The engines are the same
engines used for orbit injection on the Interim Station. They are mounted
in clusters of six, one cluster at the outermost end of one access tube

of each module as shown in Fig. 4-40. The clusters are retractable
within the access tubes for servicing. Figure 4-41 shows the plumbing

arrangements within the modules.

Propellant Feed System - Operational Station. The fuel for all the

engines on the Operational Station is NEHA—UDMH (50—50); the oxidizer
is NgOu. Three sets of propellant tanks are provided:

e Tanks for the orbit injection engine are attached to the jetti-
sonable engine mount as shown in Fig. 4-38. The tanks are
pressurized by nitrogen.

P Tanks for the pre-deployment attitude control engines are located
in the hub as shown in Fig. 4-42. The nitrogen pressurant
tank is also shown in this figure. The hub-mounted propellant
tanks constitute a central resupply point for the post-deployment
attitude control engine propellant tanks.

@ Tanks for the post-deployment attitude control engines are
mounted outside the module access tubes near the outer ends as
indicated in Fig. L4-40. Dual nitrogen pressurant tanks are
provided as shown in Fig. L-41.

LOCKHEED 103
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ORBIT INJECTION ENGINE CHARACTERISTICS~OPERATIONAL STATION

Total Impulse
Thrust

Duration

Chamber Pressure
Expansion Ratio
Cooling Method
Thrust Vector Control
Propellants
Oxidizer/Fuel Ratio
ISp

Propellant Weight:

Oxidizer
Fuel

Tank Geometry
Tank Material

-Tank  Pressure

Oxidizer
Fuel

Nitrogen Weight
Nitrogen Bottle Diameter
Nitrogen Bottle Pressure

Positive Expulsion Technigue

10k

2,090,000 lb-sec
10,500 1b

198 sec

110 psia

k7.5

Fully ablative
Gimbaling (46 deg)
N,0,/(50-50) UDME-N,H,
1.6

307.5 sec

4hoo 1b
2750 1b

Spherical

Titanium

225 psia

2.5 cu £t (2 tanks)
49.0 cu £t

89.8 1b

2.1k £t

3600 psia

Metal Bellows or Bladders
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NOMENC LATURE

SQUIB VALVE NORMALLY OPEN
SQUIB VALVE NORMALLY CLOSED
PRESSURE REGULATOR

ON/OFF VALVE

BURST DISC

FILTER

{R) RELIEF VALVE

B CHECK VALVE

[> FILL OR VENT CONNECTION

[ cap

CLUSTERED VALVE WITH

REDUNDANT ACTUATOR
N, NITROGEN GAS

Deo0ee

€ ENGINE PROPELLANT VALVES

LOCKHEED

CALIFORNIA COMEANY

v

FIG. 4-37 ORBIT INJECTION SUBSYSTEM SCHEMATIC DIAGRAM,
OPERATIONAL STATION
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RAME ,ENG\E . TAHKS,
FLUID LINES, AND

EJECTION EQUPHENT
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IFOR EACH TRACK
MAX GMBAL POSITION
™~ 1 ~eszcTion SPAING
CIRCULARIZATION e .
ENGNE —— | EECTION INIATION
TAPER PiIN ‘ ‘
UBMERGED f GIMBAL ACTUATOR— 3
ROLLERS = O S REGUIRED
STRUCTURE S———— e
NSTROGEN LINE: - TENSION TES BETWEEM
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ENGINE THRUST

SCALE
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FIG, 4-38 ORBIT lNJECTlON ENGINE INSTALLATION FOR THE OPERATIONAL STATION
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OPERATING POSITION ---//r s
. | SEAL
ORBIT MAINTENANCE ENGINES ~——~_ | : )
Sl P
ATTITUDE CONTROL ENGINES \ ! ¢
sw\_‘ ! . " 3 X . n§
1] 3 ! 1
14! ]!
¥ O ‘ ‘ ¥
Tt il
GEAR BOX \ /
~o L
4 g
: L
RACK & PINION DRIVE
VIEW A

SPIN MAINTENANCE
ENGINE

ENGINE MOUNT

view =
ROTATED . .

/——FUEL TANKS

TTTOXIDIZER T TANKS T
_\%; S \
' |

FIG, 4-40 ATTITUDE CONTROL ENGINES INSTALLATION FOR THE
OPERATIONAL STATION
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TO HUB-MOUNTED
PITCH AND YAW
ENGINES

RESUPPLY FILL
LINES

HUB-MOUNTED ROLL
CONTROL ENGINES

O ROELONE T
- ———— OXIDIZER LINE

NITROGEN LINE
® PRESSURE REGULATOR

BE] - — QUAD CHECK VALVE— — e e oo
ta MANUAL VALVE

< FILL CONNECTION

FIG. 4-42 PROPELLANT TRANSFER AND STORAGE (HUB AREA) FOR THE
OPERATIONAL STATION
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k.2.7.2 Performance Requirements

The propulsion engines shall meet the performance requirements specified

in the tables referenced below:

Performance Requirements

Engine Specified by Table No.

Orbit Injection - Interim Station L-o7
Attitude Control - Interim Station L-28
Orbit Injection - Operational Station Lh-30
Pre-Deployment Attitude Control -

Operational Station 428
Post-Deployment Attitude Control -

Operational Station L.o7

4.2.4.3 Design Requirements

All propulsion subsystems and their components shall meet the general

requirements of Section 4.2.

The orbit injection engines of the Interim Station and the post-deployment
attitude control engines of the Operational Station shall be basically

similar.

The attitude control engines of the Interim Station and the pre-
deployment attitude control engines of the Operational Station shall be
similar.

The orbit injection unit of the Operational Station shall consider the
‘LEM descent engine as a prime candidate. The engine shall be gimbaled

to permit + 6 deg of angular motion about two axes.
e — Engrine -locations—shall be as specified below: ™~

Iocation Specified by

Engines Figure No.
T T T Orbit Injection - Interim Station Tyo33
Attitude Control - Interim Station L-33
Orbit Injection - Operational Station 4-39
113
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Location Specified by
Engines Figure No.

Pre-Deployment Attitude Control -
Operational Station ' L-39

Post-Deployment Attitude Control -
Operational Station ) L-Lo

A1l propulsion engines shall be designed to utilize NEHu—UDMH (50-50)

as fuel and NEOM as oxidizer.

The orbit injection engine system of the Operational Station shall be

jettisonable as a unit and shall be arranged as indicated in Fig. 4-38.

The propellant feed and pressurization subsystems for the various pro-
pulsion engines shall be functionally arranged as indicated by the

figures listed below.

Propellant Feed & Pressuriza-

Engines tion Specified by Figure No.

Orbit Injection - Interim Station 436
Attitude Control - Interim Station 4-36
Orbit Injection - Operational Station L 37
Pre-Deployment Attitude Control -

Operational Station L 4o
Post-Deployment Attitude Control -

Operational Station -l

Propellant resupply on the Operational Station shall be to the hub-
mounted tanks. The post-deployment attitude control engines shall
‘receive their propellants from the hub-mounted tanks through the
plumbing indicated on Figs. 4-U4l and -L2.

all proPulsion-éubéyé£emé-shaii-

Propellant line plumbing connections on
either be welded or shall utilize fittings which will restrict leakage

~wv e — b0 -a-minimum. specified rate. . .

Propellant tanks shall be equipped with positive expulsion devices to
assure flow at zero-g. The selection of materials for expulsion devices
shall be governed by the principles discussed in the appropriate para-
gfaphs of Section 3.5
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Control on the Operational Station shall be arranged to allow the pre-
deployment attitude control engines to perform the functions of post-

deployment attitude control thus providing a redundant system.

The propulsion subsystem target weights shall be as listed in

Tables 4-31 and -32.

Table 4-31
INTERIM MODULAR SPACE STATION INTEGRATED ORBIT INJECTION &
ATTTTUDE CONTROI, PROPULSION SUBSYSTEM WEIGHT

COMPONENT Weight (1b)
Thruster System 580
Thrusters 150

200 Pound Thrust, 4 Required Lo -
80 Pound Thrust, 16 Required 108

Propellant Tanks & Structure 250
Pressurant Tanks (2) 75
Nitrogen Pressurant iTe
Plumbing Valves & Supports 65

Propellant 4100
Oxidizer 2520 ’
Fuel 1580

Total Subsystem Weight-Wet L680
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Table L4-32
OPERATTONAT, MODULAR MULTIPURPOSE SPACE STATION PROPULSION
SUBSYSTEM WEIGHT

COMPONENT Weight (1b)

ORBIT INJECTION SUBSYSTEM WEIGHT

Engine System 1629
Engine 350
Propellant Tanks & Structure 652
Pressurant Tank 178
Nitrogen Pressurant 90
Retro Package & Structure 359

Propellant 7150
Oxidizer Lhoo
Fuel 2750

Total System Weight-Wet 8779

HUB MOUNTED ATTITUDE CONTROL PROPULSION SUBSYSTEM WEIGHT

Thruster System _ 280
Thrust Chambers (8) Required 54
Propellant Tanks & Structure 10k4
Pressurant Tank ) 38
Nitrogen Pressurant 21
Plumbing & Valves 63

Propellant 1526
Oxidizer 939
‘Fuel 587

.-.. Total System Weight-Wet. B 1806 .. .

.
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Table 4-32 (cont)
OPERATTONAL MODULAR MULTIPURPOSE SPACE STATION FROPULSION
SUBSYSTEM WEIGHT
COMPONENT Weight (1b)

POST-DEPLOYMENT ATTITUDE CONTROL PROPULSION SUBSYSTEM WEIGHT

Thruster System 1878
Thrust Chambers (18) 198
Propellant Tanks & Structure 1002
Pressurant Tanks (6) 120
Nitrogen Pressurant 112
Plumbing & Valves L6

Propellant 8LTL
Oxidizer 5215

- Fuel 3259

Total System Weight-Wet 10,352
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